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All available Deep Sea Drilling Project results from aseismic ridges have be n compiled. These results indicate 
that at least five major aseismic ridges - the Ninetyeast Ridge, the Rio Grande Rise, the Walvis Ridge, the Chagos- 
Laccadive Ridge and the southeast Mascarene Plateau - have formed close to sea level and have since subsided at 
rates comparable to that of normal oceanic rust. Two other aseismic ridges, the Iceland-Faeroe Ridge and Broken 
Ridge, may have undergone a similar but more complicated subsidence history. This subsidence is attributed entirely 
to the cooling and contraction of the lithospheric plate on which these ridges are built. Some geological and geo- 
physical implications of this model are discussed including its applicability to the subsidence of oceanic island chains. 
1. Introduction 
Topographic and magnetic profiles from the Pacific, 
Atlantic and Indian Oceans and the inferred basement 
ages of Deep Sea Drilling Project (DSDP) holes have 
clearly established a general relationship between 
depth and age for normal oceanic crust. Depths increase 
from 2500 + 300 m at a spreading center to 5800 + 
300 m in oceanic crust of early Cretaceous to late 
Jurassic age [1 ]. These observations have been success- 
fully explained by simple models involving the cooling 
and contraction of the oceanic lithosphere as it 
ages and moves away from a spreading center [2]. 
While this depth-vs.-age r lationship is generally appli- 
cable to most of the sea floor, there are prominent 
ridge and plateau like features cattered throughout 
the oceans that are anomalously shallow and notice- 
ably distinct from the surrounding sea floor. 
These structural "highs", which have been variously 
termed plateaus, rises, oceanic ridges or aseismic ridges, 
interrupt he lineated magnetic anomaly pattern of 
normal oceanic crust and do not appear to have been 
created by simple sea-floor spreading processes. Un- 
fortunately, little geological or geophysical data is 
available from many of these features and what data 
does exist seems to suggest more than one type of 
crustal structure or origin. In this paper we will dis- 
cuss one group of anomalous ea-floor features - 
aseismic ridges. We will use the definit ion of  an 
aseismic ridge first suggested by Laughton et al. [3] : 
a linear volcanic ridge free of earthquake activity. 
Aseismic ridges are found in all major ocean basins -
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among the most familiar are the Rio Grande Rise, 
Walvis Ridge and lceland-Faeroe Ridge in the Atlantic 
Ocean, the Ninetyeast and Chagos-Laccadive Ridges 
in the Indian Ocean, and the Cocos and Carnegie 
Ridges in the eastern Pacific (Fig. 1). Because many 
of these shallow, structural highs have apparently 
had an important effect on sedimentary and paleo- 
circulation patterns in the oceans and because of our 
rather meager knowledge of their origin or tectonic 
history, a number of DSDP sites have been located 
on these features. One important result of this drilling 
has been the recovery of shallow-water sediments from 
aseismic ridges that today are several hundred and in 
many cases everal thousands of meters below sea level 
[4-13]. The sedimentary ecord from these sites 
indicates that shallow-water, even subaerial conditions, 
existed early in the history of these ridges. Younger 
sediments indicate a progressively deeper-water and 
more open marine depositional environment. In this 
paper we review the geological evidence for this sub- 
sidence, present a simple model which can account 
for these observations and discusss ome of the 
model's geological and geophysical implications. 
complicated by subsequent uplift and care must be 
taken in comparing data from these ridges with those 
that have had a simpler subsidence history. For 
example, sediments from DSDP sites on the Coiba 
(155), Carnegie (157) and Cocos (158) Ridges show 
no evidence of shallow-water fauna even though 
volcanic basement was reached in each case [12]. 
Apparently, these ridges never eached sea level when 
they were formed and consequently they are now 
unusually deep (2162-3089 m) for their age (late to 
middle Miocene). The subsidence history of the 
~lozambique Ridge (249) is similarly unclear. While 
Madagascar Ridge (246), Broken Ridge (255) and 
the Naturaliste Plateau (258) have all been shallow 
at one time, they have had complicated subsidence 
histories with one or more periods of subsequent 
uplift. This uplift has left sites on Broken Ridge and 
Madagascar Ridge unusually shallow for their age. 
If we consider only those aseismic ridges that are 
known to have formed near sea level and that have 
not experienced subsequent uplift then the depth-age 
relationship is more consistent (Fig. 2). These aseismic 
2. Deep Sea Drilling Project data 
We have compiled available DSDPresults for all 
major aseismic ridges (Table 1). In addition we have 
tabulated rilling results from a number of other 
features which might be classed as aseismic ridges, but 
about which relatively little is known. In each case we 
have estimated the age of the site (generally from the 
paleontological ge of the basal sediments) and the 
age of the adjacent oceanic rust based on magnetic 
anomaly identifications. We have used the biostrati- 
graphic time scale of Berggren and van Couvering [ 14] 
for the Tertiary and the preliminary scale of Thier- 
stein [15 ] for the Cretaceous/Jurassic. Basement depths 
have been corrected for isostatic loading by the over- 
lying sediments u ing a method outlined by Sclater 
et al. [16]. Where basement was not reached the depth 
and age of the basal sediments has been used. We have 
also computed an expected epth, assuming each 
site was formed at sea level and has since subsided 
along a curve similar to that of normal oceanic rust. 
The subsidence histories of several of the aseismic 
ridges compiled in Table 1 are either unknown or are 
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Fig. 2. IsostaticaUy adjusted basement depth plotted against 
age for those aseismic ridges in Table 1 that are known to have 
been formed at or near sea level and that have not experienced 
subsequent uplift. Predicted subsidence curve (solid line) 
determined by assuming these ridges formed at sea level and 
then subsided along the empirical depth vs. age curve of 
Sclater et al. [1 ]. Dashed line is this same curve displaced 
upward by 300 m. Numbers refer to DSDP site numbers. 
Horizontal bars indicate estimates of possible age error, ques- 
tion mark is used where basement was not reached. Key: • = 
Ninetyeast Ridge; X = Rio Grande Rise; • = Walvis Ridge; 
• = Iceland-Faeroe Ridge; o = Chagos-Laccadive Ridge;,  = 
southeast Mascarene Plateau. 
AGE (MYBP) 
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TABLE 1 
Apparent and expected subsidence at DSDP drilling sites on aseismic ridges 
Site Position Age (m.y.B.P.) Depth (m) Sediment 
latitude/ site/adjacent water/ thickness 
longitude ocean crust basement (m) 
Isostatically 
corrected 
basement 
depth (m) 
Expected 
depth (m) 
Comments 
Ninetyeast Ridge 
214 11°20'S 53.5-60 1665 
88°43'E 55 2155 
216 1°28'N 65-67 2247 
90°13'E 68 2704 
217 8°56'N >71-82 3020 >664 
90°32'E >72 * 
253 24°53'S 43-49 1962 559 
87°22'E 47? 2521 
254 30°58'S 22.5-37.5 1253 ~301 
87°54'W 28? 1554 
R~ Grande R~e 
21 28°35'S >71 2102 
30o35'W 9 * 
490 1984 2400 
457 2544 2600 
>3452 
2325 
1449 
2700 
2200 
1700 
>130 >2189 2700 
Emergent in 
lXaleocene with 
onset of oceanic 
facies in early 
Eocene 
Shallow in late 
Cretaceous gradual- 
ly changing to 
open marine con- 
ditions by the 
earliest Paleocene 
Shallow-water 
conditions in the 
Campanian with 
onset of oceanic 
facies in Campanian 
or early Maastrich- 
tian 
Shallow-water 
conditions in the 
middle Eocene 
with oceanic facies 
by the late 
Eocene 
Shallow-water 
sediments of 
Oligocene age; 
oceanic facies 
deposited in early 
Miocene 
Very shallow depths 
in Campanian or 
pre-Campanian 
times with deeper 
water facies present 
in late Campanian 
or early Maas- 
trichtian 
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TABLE 1 (continued) 
Site Position 
latitude/ 
longitude 
Age (m.y.B.P.) 
site/adjacent 
ocean crust 
Depth (m) 
water/ 
basement 
Sediment 
thickness 
(m) 
Isostatica~y 
corrected 
basement 
depth (m) 
Expected 
depth (m) 
Comments 
22 30°00'S >43-49 2106 
35°15'W >72? * 
357 30°00'S >82-86 2109 
35°33'W >72? * 
Walvis Ridge 
359 34°59'S 
4°30'W 
38-43 
57 
1658 
1765 
363 19 ° 39'S >102-107 2248 
9°03'E 108 * 
43-49 
50 
Iceland.Faeroe Ridge 
336 63~21'N 
7°47'W 
811 
1311 
352 63°39'N >27.5-30 990 
12°28'W ? * 
Broken Ridge 
255 31°08'S 
93°44'E 
>82-86 
>41 
5-10  
7-17 
53.5-60 
59-63 
Carnegie Ridge 
157 1°46'S 
85°54'E 
Chagos.Laccadive Ridge 
219 9°02'N 
72°53'E 
1144 
2591 
3022 
1764 
>242 
>797 
107 
>715 
500 
>104 
>109 
431 
>411 
>2263 
>2627 
1728 
>2713 
1136 
>1058 
>1215 
2871 
>2031 
2200 
2900 
2000 
3100 
2200 
1700 
2900 
1000 
2400 
No obvious hal- 
low-water fauna 
Shallow-water 
conditions existed 
in the Santonian 
Emergent in the 
late Eocene 
Shallow-water 
conditions pre- 
vailed in the Aptian; 
all younger sedi- 
ments indicate 
bathyal conditions 
Shallow-water middle 
Eocene sediments 
No published infor- 
mation on subsi- 
dence history at 
this site 
Complicated history 
with periods of 
uplift and subsidence - 
uplift between Creta- 
ceous and Eocene, 
began sinking again 
in Late Eocene 
No obvious hallow- 
water fauna - subsi- 
dence history unknown 
Shallow-water late 
Paleocene limestones, 
sandstones and silt- 
stones. By early Eo- 
cene open marine 
conditions prevailed 
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TABLE 1 (continued) 
Site Position Age (m.y.B.P.) Depth (m) 
latitude/ site/adjacent water/ 
longitude ocean crust basement 
Sediment Isostatically Expected 
thickness corrected depth (m) 
(m) basement 
depth (m) 
Comments 
Cocos Ridge 
158 6°37'N 10-16 1953 
85°14'W 10-19 2275 
Coiba Ridge 
155 6°07'N 10-16 2752 
81°03'W 23-25 3271 
Madagascar Ridge 
246 33°37'S 49-53.3 1030 
45°10'E ? * 
Mascarene Plateau 
237 7°05'S 60-65 1623 
58o08,E 9 * 
Mozambique Ridge 
249 29°57'S >120 2088 
36o05,E 9 2496 
322 2162 1300 
519 3089 1300 
>194 >1156 2300 
>694 >2074 2500 
408 2353 3200 
No obvious shallow- 
water fauna - subsi- 
dence history un- 
known 
No obvious shallow- 
water fauna 
Complicated history 
with periods of up- 
lifts and subsidence 
shallow in the early 
Eocene, subsidence 
begins in Miocene, 
Quaternary uplift 
Shallow-water condi- 
tions in the early 
Paleocene 
Subsidence history 
unknown 
Naturaliste Plateau 
258 33°48'S >98 
112°28'E 
2793 525 >3134 3000 Complicated history 
with periods of 
uplift and subsidenct 
gradual shoaling 
throughout the 
Cretaceous 
* Volcanic basement no  reached. 
ridges include the NinetyeastRidge, Rio Grande Rise, 
Walvis Ridge, Chagos-Laccadive Ridge, the southeast 
Mascarene Plateau and the Iceland-Faeroe Ridge. The 
rate of subsiderlce of these ridges is comparable to 
that of normal Oceanic rust, although the actual 
amount of subsidence varies from site to site and is 
generally somewhat less than would be xpected from 
our predicted subsidence curve. 
Ninetyeast Ridge with five DSDP holes [4,5] (217, 
216,214,253 and 254) has been drilled more than 
any other aseismic ridge. Of these sites only hole 217 
failed to reach volcanic basement. At each site a 
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basal sequence of shallow-water sediments was found, 
grading upward into deeper water pelagic calcareous 
oozes. The agreement between the predicted depth 
and the isostatically corrected basement depth is 
generally quite good at all sites except 217. This hole 
was drilled on the eastern flank of the ridge, which 
may partially explain why its corrected epth is much 
deeper than predicted. Site 216, which has subsided 
~2500 m since the late Cretaceous, is within 60 m 
of its predicted epth and site 253 with over 2300 m 
of subsidence since the middle Eocene is less than 150 
m from its expected epth. Sites 254 and 214 both 
are 300-400 m shallower than expected, but clearly 
fall along the general subsidence trend for these aseis- 
mic ridges. 
Three DSDP sites (21,22 and 357) are located on 
the Rio Grande Rise [6,7]. Shallow-water sediments 
were encountered atsite 21 on the northeastern 
edge of the Rio Grande Rise and at site 357. Unfortu- 
nately volcanic basement was not reached at either 
of these sites, thus both age and basement depth 
values plotted are minimum estimates. Nevertheless 
both sites fall along the general subsidence trend of 
other aseismic ridges. Thiede [20] has recently exam- 
ined the subsidence history of the Rio Grande Rise and 
he estimates a pre-Santonian basement age of"-97 m.y. 
for site 357 and an uncorrected basement depth of 
~3800 m. A correction for the loading effect of 
~1700 m of sediment would raise basement to a depth 
of ~3200 m. This age and corrected epth for site 
357 would place it in somewhat better agreement 
with our predicted subsidence curve. 
The Walvis Ridge has been drilled twice (359 and 
363). Site 359 is situated on the flank of a seamount 
that is part of the southwestern segment of the Walvis 
Ridge. This hole bottomed in an alkali-rich, silica- 
rich ash-flow tuff, indicating that subaerial conditions 
probably prevailed at this ite in the late Eocene [7]. 
The total subsidence since then has been at least 1700 
m, close to the ~2000 m depth expected for a site of 
this age. At site 363, located on the eastern Walvis 
Ridge, basement was not reached but the hole bottom- 
ed in shallow-water sediments of probable Aptian age 
(102-107 m.y.) [8]. These shallow-water sediments 
including calcarenites with rounded limestone sand 
grains, calcareous algal remains and small amounts of 
phosphorite are probably displaced, but indicate a 
nearby source of shallow-water sediments. Shallow- 
water fossils of Aptian/Albian age have also been 
dredged from the eastern Walvis Ridge [21 ]. 
The Chagos-Laccadive Ridge hasbeen drilled only 
once (219) near its northern end. While basement was 
not reached, the hole bottomed in shallow-water lime- 
stones, sandstones, and siltstones of late Paleocene 
age probably deposited in water depths of less than 
100 m [9]. The total subsidence since that time 
has thus been at least 2000 m, close to that expected 
from the subsidence rate of normal oceanic rust. 
This long 2200-km north-south-trending rid e thus 
appears to have a subsidence history similar to that 
of the Ninetyeast Ridge, the Walvis Ridge and the Rio 
Grande Rise. 
The southeast Mascarene Plateau (Saya de Malha 
Bank) is an enigmatic feature which might be classed 
as an aseismic ridge. The Seychelles Bank to the 
northwest is composed of pre-Cambrian, 600 m.y. 
old granites cut by early Tertiary mafic dikes [22]. The 
nature of the basement of Saya de Malha Bank is not 
known though seismic refraction evidence [23] sug- 
gests a basaltic omposition. Site 237, drilled on a 
saddle between Seychelles and Saya de Malha Bank, 
did not reach basement but did bottom in early Paleo- 
cene sediments [ 10], which indicate a nearby source 
of shallow-water sediments. Vincent et al, [24] have 
examined faunal assemblages atthis site and report 
an abrupt change in sedimentary environment from 
upper bathyal (200-600 m) depths 57-62 m.y. 
B.P. to lower bathyal (600-2500 m) depths with 
characteristic deep water microfossil assemblages in
the late Paleocene. This apparent subsidence was 
accompanied by a marked decrease in sedimentation 
rate. Assuming this site was near sea level in the early 
Paleocene (60-65 m.y.B.P.) the total subsidence 
has probably been greater than 2000 m - very similar 
to the observed subsidence for similarly aged sites on 
the Ninetyeast and Chagos-Laccadive Ridges. 
Sediments from site 336 on the Iceland-Faeroe 
Ridge indicate a long history of submergence for this 
ridge; however, the corrected basement depth of this 
site is unusually shallow and does not appear to fall 
along the subsidence trend of the other aseismic ridges. 
This site and site 217 on the Ninetyeast Ridge show 
the largest difference between the actual and expected 
depth of any of the twelve sites we have discussed. With 
the simple model developed in the next section we 
will explore several factors which could be respon- 
sible for this discrepancy. 
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3. A simple model 
From the DSDP data discussed in the previous 
section, it appears that at least five major aseismic 
ridges - the Ninetyeast Ridge, the Rio Grande Rise, 
the Walvis Ridge, the Chagos-Laccadive Ridge and the 
southeast Mascarene Plateau - all have formed at or 
close to sea level and have since subsided at rates 
comparable to that of normal oceanic crust. The base- 
ment ages on at least wo of these ridges (Ninetyeast 
and Walvis Ridges) vary along their length and are 
similar to the age of normal oceanic crust adjacent 
to the ridge (Table 1). 
These observations can be explained by the simple 
model presented in Fig. 3. Aseismic ridges are formed 
at or very close to a spreading center by excessive vol- 
canism which builds the ridge up to or even above 
sea level. This volcanism may be related to a mantle 
hot spot or plume as suggested by Wilson [25] or 
Morgan [26,27]. It also may be related in some way 
to transform faulting [28] since all or portions of these 
ridges appear to be aligned along fracture zones. By 
analogy with the large shield volcanoes along the 
Hawaiian chain, it is assumed that the major construc- 
tional phase of volcanism will be relatively short, 
probably no longer than 0.5-1.5 m.y. [29] and that 
any isostatic adjustment due to loading of the under- 
lying crust by the mass of the ridge will be essentially 
Fig. 3. Simple model which can a count for the observed 
subsidence of many aseismic ridges. Measured subsidence is 
obtained by taking the present isostatically corrected depth 
of volcanic basement beneath sea level. The predicted 
subsidence is indicated by the solid line, actual subsidence by 
dashed line. The measured subsidence will generally be less 
than the actual and predicted subsidence f the ridge is initial- 
ly built above s a level (see t xt for discussion). 
contemporaneous with the volcanism and will not 
occur long after volcanism has ceased. As spreading 
continues the aseismic ridges will be carried away 
from the spreading center.along with the lithospheric 
plate on which it is built. As this plate cools and 
contracts the aseismic ridge will subside with it and 
the rate of subsidence will be the same as that of  
normal oceanic rust. 
4. Discussion 
In this model we explain the observed subsidence 
of aseismic ridges as a purely thermal effect associated 
with the cooling and contraction of the lithosphere 
on which the ridge is built. The fact that many aseismk 
ridges appear to follow a simple t 1/2 subsidence law 
means that paleobathymetric backtracking techniques 
can be applied to the sediments on these ridges. Since 
aseismic ridges have apparently had a major effect on 
the sedimentation history and paleocirculation pat- 
terns of certain ocean basins, this model should pro- 
vide a valuable framework in which the role of aseismic 
ridges can be properly evaluated. 
The amount of subsidence of any point on an 
aseismic ridge is estimated by taking the present iso- 
statically corrected epth of volcanic basement below 
sea level. Consequently, a point will fall on our "pre- 
dicted" subsidence curve only if the aseismic ridge is 
built exactly to sea level at the spreading center (i.e. 
on 0 m.y. old crust; see Fig. 3). Naturally, we expect 
some parts of the ridge will be built above sea level 
while other parts of the ridge may not quite reach 
sea level. This should result in a scatter of  points above 
and below the predicted subsidence curve. However, 
most of the sites plotted in Fig. 2 appear to fall above 
the predicted subsidence curve. At least three factors 
would cause the actual subsidence to differ from that 
predicted by our simple model: (1) the age of the 
crust the aseismic ridge is initially built on (2) its 
original height relative to sea level and (3) the amount 
of the ridge removed by subaerial erosion. 
In our model we have assumed that aseismic ridges 
are formed at spreading centers. If in some cases they 
are built on older crust adjacent o a spreading center 
then the actual amount of subsidence will be less 
than that predicted by our model. This is, of course, 
because the underlying lithosphere will have already 
4000 
cooled and contracted by an amount proportional 
to the square root of its age. This effect can be quite 
significant because of the initial steepness of the age- 
depth curve. The fact that the difference between the 
measured and predicted subsidence is generally no 
more than 300-400 m is consistent with our assump- 
tion that hese features have formed on very young 
crust. 
It is clear from DSDP results that parts of several 
aseismic ridges have at one time been above sea level. 
Subaerial conditions have been inferred at sites 214 
and 253 on the Ninetyeast Ridge [4,5,17] and site 
359 on the Walvis Ridge [7]. Thiede [20] believes that 
part of the Rio Grande Rise was also emergent during 
the late Cretaceous. If a point on an aseismic ridge is 
initially built above sea level then the marine sedi- 
ments subsequently deposited at this site will only 
record the later part of the subsidence history of the 
ridge. Since the amount of the subsidence which 
occurred prior to the time the ridge sunk below sea 
level cannot be determined, we will underestimate he 
actual amount of subsidence by taking the present 
depth of the ridge below sea level. This will be partial- 
ly offset by the effect of subaerial erosion which may 
remove part of the ridge; however, the net effect, 
particularly if the site remains above sea level for a 
considerable time, will be that the measured subsidence 
will be less than that predicted a simple t 1/2 subsidence 
law. It is apparent from Fig. 3 that the present depth of 
any point on the ridge will depend only on the age of 
the underlying crust when the ridge finally sinks 
below sea level. Since most aseismic ridges fall close to 
our predicted subsidence curve, these ridges probably 
have sunk below sea level within a few million years 
of their formation. 
However, there are aseismic ridges which have appar- 
ently remained above sea level for a considerable 
time after they were formed. DSDP site 336 on the 
Iceland-Faeroe Ridge is anomalously shallow for its 
age, falling H1100 m above our expected subsidence 
curve. Normal ocean crust subsides about 1200 m 
in the first 15 m.y. after it is formed. If the Iceland- 
Faeroe Ridge remained emergent for this length of 
time after it was formed, then we could account for 
the usually shallow depth of this ridge (Fig. 4). There 
is some evidence from site 336 on the Iceland-Faeroe 
Ridge that this may have been the case. The oldest 
sediments overlying volcanic basement at this site are 
f f  
2000 
3000 
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Fig. 4. Expected subsidence curve fo  an aseismic ridge which 
does not sink below sea level until 15 m.y. after it was 
formed (dashed line). Normal subsidence curve indicated by 
solid line. Site 336 on Iceland-Faeroe Ridge also shown. 
Middle Eocene (43-49 m.y.) in age [11 ]; however, 
the ridge may have not sunk below sea level until 
after the westward shift in the spreading center north 
of Iceland around anomaly 7 time "~30 m.y.B.P. (M 
Talwani, personal communication, 1976). 
The isostatically corrected basement depth of site 
255 on Broken Ridge is also much shallower (~1200 m) 
than would be expected from the age of the basal 
sediments (82-86 m.y.) at this site, While Broken 
Ridge has had a complicated tectonic history with 
periods of both uplift and subsidence, the model 
presented by Luyendyk and Davies [30] to account 
for the latest period of subsidence is basically the 
same as suggested above for the Iceland-Faeroe Ridge. 
Broken Ridge is probably at least 80 m.y. old; how- 
ever, between the late Cretaceous and the late Eocene, 
it was uplifted above sea level. This event probably 
coincided with the initiation of spreading on the 
Pacific-Antarctic Ridge ~55 m.y.B.P, which split 
Broken Ridge from the Kerguelen Plateau. The present 
depth of site 255 on Broken Ridge can be explained 
if this site was emergent until ~38 m.y.B.P., after 
which it subsided at the same rate as the adjacent 
oceanic rust (see fig. 16 in Luyendyk and Davies 
[30]). This is consistent with the age (upper Eocene) 
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and lithology (beach gravels) of the oldest post- 
Cretaceous sediments found at site 255. 
5. Comparison with oceanic plateaus and island chains 
There are two other major types of sea-floor fea- 
tures which stand anomalously shallow compared to 
normal oceanic rust. They are the oceanic plateaus 
or rises such as the Manihiki Plateau or Magellan Rise 
and oceanic island chains such as the Hawaiian-Em- 
peror chain. There is some evidence that several 
western Pacific plateaus have formed near triple 
junctions [31 ], hence a model such as that proposed 
for aseismic ridges might also be applicable to these 
features. However, an examination of DSDP results 
from western Pacific plateaus hows that only in one 
case (site 317A - Manihiki Plateau [32])is there any 
conclusive vidence for shallow-water conditions 
early in the history of a plateau. At other sites either 
volcanic basement was not reached or only deep 
water pelagic sediments were recovered. From the 
available data it is therefore not possible to determine 
whether these features have a subsidence history similar 
to aseismic ridges. 
The subsidence of western Pacific atolls and 
guyots has been well documented [33]. This subsi- 
dence continues long after volcanism has ceased and 
thus cannot easily be attributed to isostatic adjust- 
ments. Watts and Cochran [34] have shown that it is 
also unlikely to be caused by any long-term inelastic 
behavior of the lithosphere b neath individual sea- 
mounts. While the simple model presented in Fig. 3 
has been developed for aseismic ridges which are 
believed to form at or very close to spreading centers, 
it should be equally applicable to features, such as the 
Hawaiian-Emperor seamount chain, which have 
formed on much older crust. Of course if a seamount 
or island is built on older crust away from a spreading 
center, the total expected subsidence will be much 
less than in the case of an aseismic ridge; however, 
the same conceptual model should apply. 
Geological evidence from drilling on several western 
Pacific atolls [35,36] indicates that these features 
have subsided much more than would be expected 
from the thermal contraction of the adjacent crust. 
For example, Eniwetok in Marshall-Gilbert chain has 
subsided at a rate of about 20 m/m.y, for the past 
60 m.y. [35] even though this island is located on 
oceanic rust of Jurassic age. This problem has been 
discussed by Menard [37 [and Watts and Cochran 
[34]. They suggest that the large amount of  subsidenc~ 
experienced by western Pacific atolls and guyots is 
caused by the motion of  the islands off of broad 
regional topographic anomalies such asthat associated 
with the southeastern portion of the Hawaiian ridge. 
If this explanation is correct, then we would expect 
the initial phase of subsidence to be quite rapid as the 
island moves off a topographic bulge. Following this 
the subsidence should be the same as the surrounding 
sea floor. This model has not been adequately tested, 
but if correct it would imply that the differences in 
the subsidence histories of aseismic ridges and oceanic 
island chains are due primarily to the age, thickness 
and thermal properties of the lithosphere they are 
built on, rather than on any fundamental difference 
in origin. 
6. Conclusions 
(1) At least five major aseismic ridges - the Ninety- 
east Ridge, the Rio Grande Rise, the Watvis Ridge, the 
Chagos-Laccadive Ridge and the southeast Mascarene 
Plateau - have formed at or close to sea level and 
have since subsided at rates comparable to that of 
normal oceanic crust. The lceland-Faeroe Ridge, has 
probably undergone a similar subsidence history; 
however, because parts of this ridge have remained 
above sea level for an unusually long time (~15 m.y.), 
its present depth is significantly less than other aseis- 
mic ridges of a similar age. Broken Ridge was uplifted 
above sea level in the Eocene, however since it sunk 
below sea level ~38 m.y. ago it has subsided at rates 
comparable to that of similarly aged oceanic crust. 
(2) The subsidence of aseismic ridges, is attributed 
entirely to the cooling and contraction of the litho- 
spheric plate on which these ridges are built. In this 
model aseismic ridges are assumed to be built up 
close to sea level by excessive volcanism at or very 
near a spreading center. As spreading continues the 
aseismic ridge is carried away from the spreading cen- 
ter along with the plate on which it is built, sinking 
as this plate cools and contracts. 
(3) This simple subsidence model, which has been 
developed for aseismic ridges, should be equally 
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applicable to features, such as the Hawai ian-Emperor  
seamount  chain, which have formed on much older 
crust. However,  dril l ing on several western Pacific 
atolls indicates these islands have subsided much 
more than would be expected f rom the thermal  con- 
t ract ion of  the adjacent crust. 
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